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Abstract 
The paper discusses the development and delivery of a university subject on sustainable 
construction, using related research projects as case studies and learning materials. It exposed 
students from a variety of disciplines to real life scenarios, to group around project cases, and 
learn to work with one another in solving sustainable development problems. The problem 
based learning approach directly responds to the new trends of learning by practising which, in 
the area of sustainability education, is particularly appropriate because of the need for multi-
disciplinary approach to complex issues, and the impetus for research and development to 
provide timely input for education in this growing discipline with a relatively short history. 
Collaboration of students from cross-disciplines, the engagement of industry and practitioners, 
the concept of using project cases and student design competition, and the tangible improvement 
of students’ comprehension of the sustainability phenomenon as a whole, have been the 
highlights of this Australian experience. 
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1. Introduction 
Climate change, rising oil prices, increasing energy and resource demands have become issues 
of priority around the globe and major impacts on everyone’s life. Naturally this further raises 
the high level of concerns over sustainable development and living among our societies. Such 
awareness is not only reflected through intensified media reports and evolving policies and 
strategies from governments, but also shown in the level of sustainability coverage in all levels 
of education as a whole.  
In Australia, the educational focus on sustainability coincides with the UNESCO’s initiative for 
a wide-spread global implementation of sustainable education. Nowadays school children of all 
ages tend to get early lessons on sustainable living through a variety of exercises and projects, 
ranging from tips of reserving water, to the use of alternative energy to designing model cars. At 
the university level, many academic disciplines have developed subjects and courses that cover 
relevant sustainability issues. For planning, design, engineering, and construction education, the 
need to respond to this global challenge is particularly strong, as graduates from these 
disciplines work on the front end of the issue, directly on projects with sustainability 
deliverables. 
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Despite of the flurry of activities on sustainability curriculum development by many disciplines 
from Business schools to Science departments, existing trends of these subjects tend to tends to 
be restricted to the elaboration of sustainability principles, environmental management concepts, 
and methods and systems of assessing performances, while professional disciplines home in on 
the specific technological innovations. Few had the opportunity to allow students to “put the 
ideas altogether” as they will undoubtedly be accustomed to do in the real world of professional 
practice after they graduate [1]. This requires that we not only teach students ‘what” as the 
technical know-now, but also the ‘why’ to encourage them think and act in the appropriate way 
for the rest of their life. 
The need to introduce real-life experiences to classrooms in order to promote “deep learning”, 
was also emphasized by a number of earlier research [2][3][4]. It will be much easier for 
students to relate to and leave with better impressions when their course work study is 
integrated with the learning of practice under supervision. 
This paper discusses the importance of the shifting sustainability foci and how they will impose 
on sustainability curriculum development in higher education. An example of an integrated 
approach to combining research, learning, and practical experiences at an Australian university 
was introduced as a better way for students to learn to practice sustainable design, engineering 
and construction.  
2. The Impetus of Enriching Sustainability Curriculum 
There are many interests in the introduction and enrichment of the sustainability agenda into 
university education. Resource depletion and climate changes are driving the society towards 
unprecedented awareness of the sustainable issues. Under the pressure of clients and other 
stakeholders, our industries and businesses are changing the game and are responding to the 
sustainability challenge with new strategies, processes and products. To do so, they will require 
a new breed of young professionals to have not only the technical knowledge but also the 
passion about developing green solutions to design, engineering and construction works, 
through the promotion of their own belief and self discipline [1] [4] [5]. In June 2006, the 
Queensland University of Technology conducted an industry survey on graduate capabilities in 
the fields of engineering and the built environments. The results show that sustainability 
knowledge has consistently ranked very high by all involved disciplines, as considered by a 
wide range of practitioners. 
Universities will therefore have the obligation to ensure that the students, our future 
professionals, understand not only the specific technological advancement but also the holistic 
sustainability practices that occur on a much more complex scale. This application aspect will 
need to be taught in an integrated manner so that students will become confident in working 
with peers from other areas as a team, listen and responds to other professional views as they 
would have to after graduation, and become active practitioners of sustainability. It has been 
argued that the challenge of sustainability education is essentially to ‘learn by practising what is 
preached’ and to shift intensions from impact mitigation to regeneration [6]. 
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Linking research with teaching has been promoted as the way of fast tracking from education to 
practice [7]. While it is easier said than done, the area of sustainability in the built environments 
presents three main advantages, compared with many traditional and long established 
disciplines. First, there are many aspects in sustainability, in terms of social, economical, 
environmental and institutional dimensions, to explore and associate with through various 
disciplines. For example, investigating the attitudes towards and the social impacts of 
sustainable housing is as valid as the design of systems to improve indoor air quality and 
workplace health of office buildings. And these can be covered from science to engineering, 
health to law, and management to education perspectives, all current ingredients of high 
education. Secondly the relatively short history of sustainability education means that lecturers 
and students are all striving to access appropriate teaching and learning materials. There are 
virtually few “set routines” to follow but perhaps the associated “reluctance” to change. Thirdly, 
in parallel to the evolution of sustainability bottom lines and the philosophies of environmental 
evaluation, there are continuing technological advances being made to deal with specific areas, 
using individual products and practices. There are enormous information and knowledge out 
there to be tapped into, to supplement general sustainability courses and subjects through topical 
coverage of “hot spots” and teaching foci. These arguments highlight the need for multi-
disciplinary approach to the subject matters with consistent knowledge update and course 
materials management. An integrated and multidisciplinary teaching and learning environment 
linking with research and opportunities of practice will be the new paradigm (Figure 1). 
 
Figure 1 Integrated approaches to sustainability education 
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3. QUT’s Living Laboratory Approach 
3.1 Background 
The Faculty of Built Environment and Engineering at the Queensland University of 
Technology, Australia, has a unique organisational structure. It contains almost all of the 
disciplines involved in developing buildings, infrastructure and other built assets and 
engineering facilities. For example, there are courses in architecture, interior design, urban 
planning, property, surveying, construction management, as well as structural, mechanical and 
electrical engineering. The Faculty also hosts two Corporative Research Centres (CRC) that 
conduct a large number of industry sponsored real life research projects. Researchers in these 
projects are also lecturing staff of the university. This presents added opportunities to 
experiment the integral approaches discussed above in a living laboratory setting for teaching, 
research and showcasing technological advances. The following sections detail one example of 
applying this philosophy in developing and delivering a subject on sustainable construction. 
3.2 Curriculum development 
The subject of Smart and Sustainable Construction was developed as a final year elective, open 
to students from a range of related disciplines. The first two years of running this subject saw 
over 60 students enrolled and completed successfully. They represented eights disciplinary areas 
of construction, civil engineering, electronic engineering, property, quantity surveying, interior 
design, landscape architecture, and architecture design. 
The subject is based on the study of sustainable development of commercial and residential 
projects and concentrates on problem solving at a multi-disciplinary level. Case study materials 
and students’ project cases were supplied from relevant CRC and other research projects. The 
syllabus is project-based and student-centred, with students from different disciplines forming 
groups to undertake project work according to the chronological order and lifecycles of realistic 
project development cases. The specific areas of study covered in this unit included: 
• Sustainability and its impact to construction and engineering development 
• Flexible design considerations 
• Innovative building techniques and processes 
• Smart engineering services 
• Environmental, legislative and social context of sustainable development 
• Appropriate techniques for project performance evaluation 
 
This subject utilised real life research project as source for study materials to aid teaching and 
integrated assessment works. Students formed groups made up of various disciplines to 
undertake assessments. For example as part of the assessment during one semester, they 
delivered three major technical reports, and made a presentation based on the evaluation of the 
project development, should it follow their recommendations and plans. On a continuing basis, 
project cases were developed and updated with examples such as Sustainable housing 
379
development utilizing specific site characteristics; Multi-storey office building refitting project 
in CBD areas, Urban village development with mixed uses and facilities, Resort and marina 
development with environmental impact assessment, innovative construction methods, and 
economic justifications. 
3.3 Student competition and research projects 
Findings from major research projects that deal with housing and office building refit were used 
as lecturing materials extensively in this subject. Ways of bridging the gap between research 
work and scenarios of teaching and assessment were explored. For example, research on 
integrated sustainable housing development with end result of a demonstration home was used 
in 2005 offering of this unit as a case study for student assignments as well as the scenario and 
theme for a student design competition. 
With the support of the research industry partners, a student competition on the architectural, 
engineering and construction aspects of a sustainable demonstration home was held. Research 
team members of this research project, who were also lecturing staff of different disciplines, 
provided instruction to nine groups of students who made entries in the competition. Students 
were able to see the current industry foci on matters related to their disciplines and be part of the 
problem solving process. Other stakeholders had the opportunity to contribute to education and 
promote their trades and businesses to potential employees and partners. 
At the start of the semester, students were given specific briefings about the challenges faced by 
housing developers involved, and had the opportunity to investigate matters further by speaking 
to planning and construction authorities in the local governments. Field observations were 
organised for students to gain first information about site characteristics (Figure 2). 
Figure 2 Field trip and site investigation 
 
After two rounds of judging which involved university lecturers, developers, and practising 
architects and engineering consultants, three winning designs were selected. They covered 
architectural design of the home, building methods, and lighting systems: 
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(a) Interior lighting using solar powered LED - to integrate high efficiency LEDs 
powered by photovoltaic (PV) cells with intelligent control for interior home lighting.  
(b) Alternative building system for sloping site – to improve architectural designs from a 
sustainable construction point of view, using most economical building systems including 
modular framing for specific site conditions encountered. 
(c) Sustainable housing design with local characteristics – to achieve utopian harmony 
with the natural environment, new sustainable materials and technologies, and high level 
of comfort and ambience with the modern lifestyles suited for the local topography and 
subtropical conditions. With focuses on passive design, energy efficiency and social 
issues, the design dealt with water and aspect; wind, privacy and land formation; soil, 
vegetation and access; and subdivision context and neighbourhood (Figure 3). 
 
 Figure 3 Student design (architectural) with professional enhancement 
There winning designs were then enhanced through student involved consultancy practice 
between the consultants and the developers. Students were also invited to participate in the 
design practice of the consultants as part of work experience. This produced final 
documentation for building approval. Students were very pleased to see their own input in the 
final products. 
3.4 Stakeholder engagement 
Students were informed of the subject and competition through “promotional” efforts such as 
posters and staff recommendation. They responded well to the new subject and came from a 
wide range of disciplines with a high degree of specialised expertise in the field. As all students 
were senior and have a degree of maturity towards their fields of study, their willingness to 
contribute and to share responsibilities has been the driver for the successful learning process.  
A number of opportunities were created throughout the semesters to allow students “mingle” 
with each other. This included discussion groups, assignment teams, debating challenge, 
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allocated tasks for presentation, etc. But according to students who took this subject, it was the 
problem based learning and the student competition that motivated all. 
With a motto of “university for the real world”, QUT is particularly active in bringing back the 
practitioners to the classrooms. This subject has 13 weeks of lecture programmes which enlisted 
teaching and learning support of two architects, two civil engineers, one electrical and one 
mechanical engineer for the development and delivery. It also involved a builder and the 
developer who discussed with students and presented real life experiences on specific site 
problems, demographics of clients, and local regulations or applicable building codes. 
The practitioners were able to observe how students learn and develop skills. Through this 
process and following the completion of the subjects, the builder and one of the architects 
offered employment opportunities to students. Students learned from life experiences of the 
practitioners and the practitioners had the opportunity to hand-pick promising young 
professionals of tomorrow. 
Higher degree research students (PhD and Master by research) were also involved. As part of 
the research team, they not only participated in research development that had bearings on case 
study materials for the classroom, but also provided tutorials during the subject delivery as most 
of them have industry experiences. Through classroom questions and feedback, these research 
students pick up practical issues that may warrant further exploration in the research projects.   
4. Evaluating the Educational Approach 
Through theories and practical components, students gained real life experiences of “how and 
where” to start dealing with sustainability issues on hand. The intangible benefits included the 
development of competence, working with multi-disciplinary teams and for some students, 
employment opportunities. But how have students improved their overall understanding, and 
more importantly, the philosophical approach, to the challenges ahead of their lives? To partly 
answer these questions, and to provide feedback for the curriculum development, a student 
survey was conducted through reflective learning exercises during tutorial sessions. 
The survey consists of a total of 16 questions in four categories of Awareness, Lifestyles, 
Professional engagement, and Technical knowledge, which were drawn together through 
references to media exposure, course contents coverage, and general lifestyles in the local 
environment. Examples of these questions include: 
(a) Compared to agricultural and industrial use of water, our daily lifestyle does not cause 
problems to water resources because the level of consumption is minimal; 
(b) Design is the specific phase in project development where the triple bottom lines 
(economical, environmental and social) of sustainability should be incorporated. 
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The survey was conducted twice over the semester: in Week 2, when students first started this 
unit; and in Week 13, after subject completion. To ensure validity and reliability, the same 
question was asked in a different way or in a different context, and the order and grouping have 
been changed for the second survey. Each question needs to be rated from Strongly disagree, to 
Strongly agree according to a scale of 1 to 5. Depending on the nature of the question, and the 
most appropriate answers may be at either end of the scale. Where applicable, students are also 
invited to elaborate on and justify their ranking.  
Table 1 shows students rating of the questions over one semester of study. The improvement or 
regression on the first round of rating was indicated. It is evident that students have shown 
improved understanding and consciousness of sustainability, reflected by improved rating on the 
responses to the majority of questions. Detailed analysis shows that the improvement has been 
far more significant than the regression, which only occurred in four of the questions in smaller 
percentages.While not intended for scientific measurement of learning outcome, the survey 
served the purpose of gauging the attitudinal change of students over the course of the subject, 
particularly by exposing and involving them in sustainability subject with real life examples, 
team work and opportunities for “hand on” experiences. A separate exercise, which asked 
students to complete the ecological footprint quiz by the Earth Day Network (EDN) 
(http://www.earthday.net) also showed improved the level of awareness and general attitudes 
towards sustainability.  
5. Conclusion 
The rising level of sustainability awareness and concerns in our society demands changes in the 
way industries and businesses operate. This in turn requires universities to prepare our students 
with the knowledge and skills to take on the sustainability challenge technically and mentally. 
Traditional classroom teaching has the danger of turning students to be technical experts in a 
topical area, while still not believing in the general philosophy. We will need to promoting 
students own belief and self-discipline, and the ability of taking on complex problems of 
    Week 2 ratings Week 2 Deviation from     Week 13 ratings Week 13 Deviation from Improvement %
1 2 3 4 5 average best score 1 2 3 4 5 average best score or regression
Q1 4 2 8 10 4.00 1.00 2 6 14 4.55 0.45 0.55 54.55%
Q2 1 4 14 4 1 3.00 2.00 1 3 5 10 3 3.50 1.50 0.50 25.00%
Q3 3 7 12 2 2.54 1.54 8 8 2 4 2.09 1.09 0.45 29.24%
Q4 3 5 13 3 2.67 1.67 3 7 5 7 0 2.73 1.73 -0.06 -3.64%
Q5 11 12 1 1.63 0.63 10 12 0 0 1.55 0.55 0.08 12.73%
Q6 2 6 4 10 2 3.17 1.83 5 10 7 3.09 1.91 -0.08 -4.13%
Q7 3 12 1 7 1 2.63 1.63 8 11 1 2 1.86 0.86 0.76 46.85%
Q8 3 8 1 10 2 3.00 2.00 5 5 11 1 3.36 1.64 0.36 18.18%
Q9 13 11 4.46 0.54 2 12 8 4.27 0.73 -0.19 -34.27%
Q10 1 3 14 6 4.04 0.96 1 1 5 6 9 3.95 1.05 -0.09 -9.09%
Q11 5 2 12 5 3.71 1.29 2 6 14 4.55 0.45 0.84 64.81%
Q12 2 7 11 4 2.71 1.71 5 6 7 4 2.45 1.45 0.25 14.86%
Q13 2 13 9 4.29 0.71 2 13 7 4.23 0.77 -0.06 -9.09%
Q14 1 3 8 12 3.29 1.71 1 1 7 13 4.45 0.55 1.16 68.07%
Q15 6 7 9 2 3.29 1.71 2 7 13 4.50 0.50 1.21 70.73%
Q16 5 12 3 4 2.25 1.25 8 9 5 1.86 0.86 0.39 30.91%
Note: 24 students provided valid responces in Week2 and 22 did so in Week 13. Total enrolment is 28.
Table 1- Table 1 Students’ ranking of survey questions 
383
sustainability by teaming up with other professionals. New curriculum development needs to 
introduce the theory of sustainability in a more tangible and practical way by combining 
disciplinary specialties together, as required in real life practices. The learning by practising 
approach, as demonstrated in a case of subject design and delivery in this paper, will present 
such potential. The engagement of stakeholders in high education, from the industries to 
researchers, and from professionals to academics and students, will provide more opportunities 
for a win-win situation for the “sustainable” education of sustainability. 
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